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Electric Dipole Moment:
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Electric dipole moment (EDM)
violates parity and time reversal

fundamental particles (Kaons, B-mesons).
Very strongly suppressed in objects with
only u and d quarks

TRV expected: matter/antimatter asymmetry universe.... Supergravity, stringmodels
EDM sensitive to new and expected sources of CP/T violation



Why radioactive atoms for EDM
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Radioactive radium: because of their special properties



Why Trapped Atoms ?

Statistical sensitivity of the EDM measurement
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£ = Electric field T = Integration time
N = Flux of particles into the 7= Spin coherence time
measurement region ¢ = Efficiency factor

1. Motion of the particle in the electric field --» magnetic field

— 1( Vx E

motional =~

C C

2. Smaller sample region in UHV --» E > 10° V/cm is possible

3. High electric field --» longer spin coherence time (T ~ 100 s)



The race for a nonzero EDM...
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Various particles necessary to resolve origin of TRV



Strategies for trapping radioactive atoms

" Magneto-optical trap 2500
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options (Zeeman slower not in all cases)

1. Primary beam on target in oven (ISOL) option
2. Radioactive beam on stopper in oven multiple pass
3. Radioactive source in oven 1-0.97"




Which atoms were trapped in a MOT
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KVI — atomic physics is working with 22Na and “1Ca
KVI — TRIuP Ba trapping as intermediate step for Ra (edm).
KVI — TRIuP pursues %*Na trapping for B-decay correlations



TRIUP (2008)

(numbers for 2!Na)

Production target
d(2°Ne,?'Na )n
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COrre|athnS |n ﬁ_decay Recoil Measurement
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 Correlation factors a...R connected by underlying theory
« And with observations outside nuclear 3-decay
* Which correlation most potential? (theory input necessary)
* D (TRV) as most potential
e In any case:

must learn the trade with “a”: ignore spin degrees of freedom
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Detection: MOT + RIMS + 3 detector
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Detection: MOT + RIMS + 3 detector
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Best “a” measurement:
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Recently Ba was trapped at KVI
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Recently Ba was trapped at KVI
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Comparison Among All Alkaline-Earth Elements
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Laser Cooling of Barium and Radium
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553.7 nm

1130 nm

Leak rate without
repumping

330: 1

;

1108 nm

D

KVI: 1S, = 3P, cooling
+ 3 repump lasers

1S
Barium £=0.25 % (10% MB)

PN w

482.7 nm

Leak rate

350 : 1

_

714 nm

Argonne: 1S, = 3P, cooling

+ black body radiation
J. G Guest et al.
Phys. Rev. Lett, 98, 0930011 (2007)

1S, Radium &=7 x 10~ %
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1500 nm (5 mW, O=5 mm, 6=0 MHz) and 1130 nm
(55 mW, O=5 mm, 6=0 MHz) beams
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1130 nm
Fiber Laser

1500 nm (12 mW, O=5 mm, 6=-95 MHz) and 1130 nm
(55 mW, O=5 mm, 6=-75 MHz) beams
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